4.0 BU LD NGS AND OPERATI ONS

This section provides a nore detailed description of the site buildings
(Section 4.1), an overview of the operations that take place within those
buil dings (Section 4.2), a listing of the materials handled on site and their
characteristics (Section 4.3) and details regarding the safety design features
of Building 2 (Section 4.4).

Astrotech provides facilities and limted facilities support for the
final assenbly, 1nspection, and processing of payloads prior to |aunch.
Payl oads can be grouped into four generic classes of satellites based upon
their function: communications satellites, renote sensing satellites, weather
satellites, and scientific experiment satellites. Payload processing begins
at Astrotech once the satellite and its specific ground support equi pment
arrive at the site.

The activities which conprise the preparation of the payload for flight
can be grouped into non-hazardous and hazardous operations. The non-hazardous
activities generally include:

. Fi nal assenbly or buildup of the spacecraft;

. Leak tests and initial checkout of propellant systens
bef ore propel |l ant | oadi ng;

. Installation of solar panels, antennas, insulation and
ot her equi pnent;

. Payl oad function testing;

. I nspection and cl eani ng;

. Moni toring and checkout of payl oad el ectronic systens

via hardlines and mi crowave conmuni cati on

Operations are designated as hazardous by NASA and the Air Force when
significant anmobunts of potential energy are present and | oss of control could
result in injury to personnel or equipnent; a significant change (i.e.,

i ncrease or decrease) in the anbient conditions of tenperature, pressure, or
oxygen content could occur; or the presence of hazardous materials presents




the potential for personnel exposure.!?

The procedures and operations that are considered to be potentially
hazardous to personnel or to pose potential damage hazards to critica
spacecraft equi pment and/or systens, generally include:

. Transport, short-term storage, sanpling and | oadi ng of
liquid propellants (anhydrous hydrazi ne, nononet hyl
hydrazi ne, and nitrogen tetroxide);

. Install ati on of expl osive devices used in space to
ignite notors and to separate the payload fromthe
vehi cl e;

. Fi nal assenbly, lifting, and mating of solid rocket

notors and liquid propellant motors with the payl oad;

. Dynam ¢ spin bal anci ng of the assenbl ed payl oad or the
fuel ed parts of the payl oad; and

. Transport of the fuel ed spacecraft from Astrotech to KSC
(See di scussion of transport in Section 5).

Payl oads have various types of notors that are fueled with either solid
or liquid propellants. See Section 4.2.1 for a discussion of the functions of
various notors. The orbit position control propul sion systemin the
spacecraft itself can use either a single liquid fuel referred to as a
nonopropel l ant (i.e., anhydrous hydrazine) or a conbination of liquid fuel and
liquid oxidizer referred to as bipropellant (i.e., nmononethyl hydrazine and
ni trogen tetroxi de) depending on the requirenents of the spacecraft.

General ly, both the perigee kick nmotor (PKM, when required, and apogee Kick
notor (AKM contain solid propellant. Nonopropellant spacecraft usually use a
solid propellant AKM however, in bipropellant spacecraft the AKM often
utilizes the sane liquid bipropellants as the orbit control propul sion system
Thus, a fuel ed spacecraft can have, in addition to solid propellant,

conbi nations of liquid fuel and liquid oxidizer: (1) anhydrous hydrazine
only, or (2) nononethyl hydrazine plus nitrogen tetroxide.

4.1 Payl oad Processi ng Buil di ngs

The buil dings in the hazardous and non-hazardous work areas on the
Astrotech site are physically separated by a distance of approximately 335
feet. See Exhibit 4-1. This physical separation ensures that the hazardous
work areas are | ocated beyond the distance required by explosive siting
criteria. See Section 7.1.1. A typical spacecraft is located first in
Bui l ding 1, the non-hazardous processing facility, for operations such as
el ectrical systenms checkout and | eak check and then noved to Building 2, the
hazardous processing facility, for operations such as propellant |oading.

4.1.1 Building Descriptions - Non-Hazardous Areas
Buildings 1 and 1A

Buil dings 1 and 1A are separate but adjoining buildings that conprise
t he non-hazardous processing facilities. Building 1 with dinmensions of
136 feet x 193 feet x 53 feet (including roof top air conditioning equipment)
contai ns three payl oad processing high bays, a common clean room airlock and

Space Transportation System Payload G ound Safety Handbook, SAMIO HB S-100, KHB 1700. 7,
Novenber 1982, p 4-2.
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associ ated support office space. The building has three antenna towers on the
rooftop, 96 feet above ground, that enable direct line-of-site air links with
near by | aunch conpl exes at KSC and CCAFS.
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Buil ding 1A, the later addition, contains one clean roomhigh bay with
its own clean roomairlock. The overall building dinensions are 95 feet x
170 feet x 60 feet. Both buildings are constructed of steel colums and beans
with netal stud frami ng, except for the office and support sections of
Buil ding 1, which are of concrete masonry bl ock

Overhead cranes within Building 1 provide hoisting capability in each
hi gh bay, and those within Building 1A provide hoisting capability in and
bet ween the high bays and airlock. 1In addition to the high bays and airl ocks,
each of the two buil di ngs contains garnment change roons, office areas,
conference roons, break rooms, and an administrative area.

Bui lding 4
Building 4 is the warehouse storage facility. It is used for storage of

equi prent not requiring a controlled environnent, such as shi pping containers
and certain ground support equipnment. Dinensions are approximately 62 feet x
125 feet x 30 feet. It is constructed of corrugated steel sheeting,

i nterspersed with translucent corrugated fibergl ass.

Building 5
Building 5 is the custoner office building. It is primarily used for

client office space during operations. The building is pre-engi neered of
structural steel and has approxi mate di mensions of 60 feet x 60 feet x
16 feet.

4.1.2 Building Descriptions - Hazardous Operations Area
Building 2

Bui |l ding 2, the hazardous processing facility, is used for activities
such as liquid propellant transfer operations, installation of ignition and
separ ati on ordnance, spin-bal ancing, and mating of the spacecraft with its
upper stage (perigee kick notor or both perigee and apogee kick mptors).

Si nce these hazardous operations are the major focus of this evaluation, nore
details about Building 2 are presented in this evaluation than for other
buil dings on the site.

Buil ding 2 (approximately 120 feet x 120 feet) contains clean room hi gh
bays and airlocks. A system of overhead cranes provides lifting capacity
t hrough the building such that a lifted | oad can be transferred or passed off
bet ween cranes and noved between the high bays. The najor areas of the
buil ding include two airlocks (the North has a ceiling height of 65 feet and
the South 43 feet), three clean room high bays, two propellant cart storage
roons, two garnment change roons, and two control roons. See Exhibit 4-2 for
the general |ayout of Building 2 and Exhibit 4-3 for the room specifications.



EXH BIT 4-2 LAYOUT OF BU LDI NG 2




EXH BIT 4-3 BU LD NG 2 ROOM SPEC! FI CATI ONS

LARGEST

RM EUNCTI ON LENGTH WDTH HEIGHT DOORWAY  ELOORS WALLS CEI LI NG
101 Sout h Airlock 38 29 43 20x40 Vi nyl G\B G\B
102 Sout h Hi gh- Bay 60 37 43 20x40 Vinyl (c) GWB G\B
103 Center Hi gh- Bay 48 27 43 20x40 Vinyl (c) GWB G\B
104 Nort h Hi gh- Bay 60 37 43 20x40 Vinyl (c) GWB G\B
105 Ofice 12 11 9-4 3x6-8 Vi nyl G\B ACST
108 North Control Room 30 25 9-4 8x8 Vi nyl G\B ACST
109 North Change Room 20 10 9-4 3x6-8 Vi nyl G\B ACST
110 Corri dor
111 Wnen's Restroom
112 Jani t or
113 Men's Restroom
114 Sout h Change Room 19 14 9-4 3x6-8 Vi nyl G\B ACST
115 Sout h Control Room 25 15 9-4 8x8 Vi nyl G\B ACST
116 Bal ance Control Room 15 10 9-4 6x6- 8 Vi nyl G\B ACST
118 Corri dor
119 Oxi di zer Cart Room 20 20 9-4 10x10 Vi nyl Concr et eG/\B
121 Fuel Cart Room 20 20 9-4 10x10 Vi nyl Concr et eG/\B
123 North Airlock Hi gh-Bay 55 40 65 20x50 Vinyl (c) GWB G\B
Not es: 1) Al dinensions are shown as feet or as feet-inches

2) Vinyl(c) - Conductive Vinyl

3) GMB - Gypsum Wl | board

4) ACST - Acoustic Tile

Building 2 is sited, designed and constructed to neet expl osives safety
criteria standards*®** and permtted to contain up to 2,500 pounds of liquid
fuels, 5,000 pounds of liquid oxidizer and sited for 24,600 pounds of solid
propellant. The high bays and airlocks are constructed of structural stee
col um and beans with steel reinforced concrete-filled masonry bl ock. The
wal I s have integral horizontal concrete tie beans and the roof is franed with
steel joists and decked with corrugated steel sheeting. The entire building
is covered on the exterior by insulation sealed with plasticized cenment/stucco
for an inpact resistant and airtight exterior. The upper surface of the roof
has an attached layer of rigid insulation material covered by a heat seal ed
pl astic menbrane for thermal and noisture protection. The tenperature and
hunidifr hnside the clean room (100, 000 d ass) high bays are nonitored and
controll ed.

There are two grounding grids, one outside the building and one inside,
consi sting of structural steel ground bars connected to a steel grate in the
floor. Al lights and intercons are purged by positive air flow out of each
device to prevent the possible ignition of any flammabl e vapors that m ght be
present in the high bays. Al other electrical equipnent in the high bays is
expl osi on- proof .

2 Bureau of Alcohol, Tobacco, and Firearms, Department of the Treasury, ATF P 5400.7 (11/82).
® DoD Directive 6055.9, DoD Armunition and Expl osives Safety Standards, July, 1984.

4 Departnent of the Air Force, AFR 127-100 CHANGE 1, 24 Decenber 1984, Chapter 8 - Site Pl ans,
Construction, and Uilities, Section A - Explosives Site Planning and Section B - Construction
Consi derati ons.
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Bui |l ding 3

Building 3 is a storage facility designed for short- or long-term
storage of payl oads, SRMs, flight hardware, ground support equi pnent or other
sensitive equi pment. Any stored payl oads are, in general, waiting for
processing. The building contains six identical storage bays which are
environnental ly controlled but are not clean roons. Since this building is
used for the storage of SRMs, it is designed to DoD and ATF expl osives safety
criteria and sited in the hazardous work area of the Astrotech site, renote
fromthe other buildings.

Buil ding 3 was designed to store three PKMs cal | ed Payl oad Assi st Mdul e
(PAM solid rocket motors (Thiokol Star 48 or Star 63) and three smaller
unspeci fied solid rocket AKMs (typically Thiokol Star 15) all using DoD d ass
1.3 (mass-fire) solid propellant. Total propellant quantity limt is 24,600
pounds. No liquid propellants are permtted in the building.

4.2 Hazar dous Qperations

Payl oad processing operations are conprised of a set of activities that
are perfornmed on a spacecraft or satellite and assist notor(s) to ensure that
the payload is flight-ready before it is mated with the | aunch vehicle at the
| aunch pad. Most payl oads processed at the Astrotech facility have simlar
functional characteristics but vary in size and appearance. Variations in
size and appearance nmay nean that the sequence of operations differs sonewhat
for each payl oad processing operation. Under typical processing conditions, a
spacecraft will be | ocated in the non-hazardous work area (Buildings 1/1A) for
6-10 weeks and in the hazardous work area (Building 2) for 3-4 weeks. Liquid
propellant loading is one of the | ast operations performed. The discussion
bel ow descri bes the "typical" sequence of operations.

4.2.1 Functions of Payload Mdtors

A typical payload is a communications satellite that needs to be pl aced
in a geostationary orbit 22,000 mles above the earth. Launch vehicles
provide only enough energy to boost a satellite into a |lower orbit, either a
circular one with a dianeter of approximately 130 miles, or an elliptica
orbit with its |ow point at about the sane altitude. To be fully operational
a typical satellite requires additional energy for three functions: first, to
raise the orbit to the 22,000 ml|e high geosynchronous altitude; second, to
circularize the orbit at that altitude; and third, to maintain the precise
orbit positioning (i.e., station keeping) throughout the seven to fifteen year
operational life of the satellite.

The substantial energy initially required to raise the orbit to the
geosynchronous altitude is normally provided by a PKM which is generally an
SRM ranging in size from4 to 8 feet in dianeter. As shown in Exhibit 4-4,
the PKMis a separate section of the spacecraft, designed to separate fromthe
remai nder of the payload after the PKMs energy is expended. The fairing is a
shroud used to surround and protect the spacecraft during ascent through the



EXH BIT 4-4 SCHEMATI C DI AGRAM OF A TYPI CAL PAYLQOAD
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at nosphere and is typically jettisoned prior to achieving orbit as soon as the
| aunch vehicl e has escaped the dense at nosphere.

VWen the satellite arrives at the required apogee altitude, the
additional energy required to circularize the orbit and to adjust the
equatorial inclination to place the satellite into its operational orbit is
provided by an AKM generally solid propellant, and sonetines augnmented by
small notors using liquid propellant(s). Because during its typica

operational life of 7 to 15 years a satellite will drift slightly out of the
required precise orbit, energy is needed to reposition the satellite
periodically. This energy is provided by the small |iquid propellant(s)

notors. To inprove operational efficiency and reliability, the tendency in
recent years has been to design liquid propellant rocket systens that can
performboth the AKM function and the orbital position control function

Al though this design avoids the need for a solid rocket AKM the anount of
liquid propellants required increases significantly.

4.2.2 Typical Payload Processing Operations

Because the PKMis essentially separate fromthe rest of the payl oad,
operations at Astrotech can be perforned i ndependently on the PKM and the
remai nder of the payload. Because the PKM has solid propellant and igniter
systens, PKM operations are consi dered hazardous and performed in Building 2
In the typical sequence shown in Exhibit 4-5, the PKM operations begin
approxi mately two weeks before the spacecraft operations and take
approxi mately six weeks to conplete. Upon conpletion of the PKM processing,
it either remains in a high bay separate fromthat used for the spacecraft
operations, or it is noved to Building 3 for tenporary storage. Simltaneous
to the PKM operations, the satellite undergoes approxi mately four weeks of
non- hazardous final assenbly and checkout in Building 1, including tests to
verify the proper functioning of all electrical systens and | eak checks.

As late as possible in the schedule, the liquid propellants are
transported from KSC to Building 2, where they undergo thernal conditioning
and helium saturation for several days. Operations are sequenced carefully so
that conpletion of PKM operations occurs several days before conpletion of the
non- hazardous satellite processing operations, |leaving Building 2 avail abl e
for liquid propellant conditioning. After the propellants are conditioned and
t horoughly saturated with helium the satellite is noved fromBuilding 1 to
Buil ding 2, where the liquid propellants are | oaded and any solid propell ant
AKMinstalled. (For the "typical" sequence illustrated in Exhibit 4-5, no
separate AKMis installed in the satellite.) |If the |aoded satellite requires
dynam ¢ bal ancing, a spin bal ance operation is perfornmed at this point. The
final step in assenbling the payload is to mate the satellite with the PKM
Before transporting the flight-ready payload to the |aunch pad, the payload is
ei ther encapsulated in the launch vehicle fairing or placed in a specia
cont ai ner designed to protect the payload during transport.

4.2.3 Transport of Fuel ed Spacecraft
The transport of the fueled and processed spacecraft from Astrotech to

KSC nay be considered a hazardous operation. It is performed under strict
requi renents: a convoy of |aw enforcement officials acconpani es the shipnent



EXH BIT 4-5 TYPI CAL SEQUENCE OF PAYLOAD PROCESSI NG OPERATI ONS
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in arolling roadbl ock (one vehicle is ahead of the transporter and one is
behi nd); the highway intersections are closed to the public ahead of the
transport vehicle; transport only occurs at night; and a maxi num speed of 5
nmph is maintained while en route.

During the course of gathering data on the various processing operations
at Astrotech, the evaluation teamidentified the transport of fuel ed
spacecraft as an area where, despite the fact that it is beyond the scope of
this evaluation, additional coordination was indicated between Astrotech and
RSPA to ensure conpliance with all requirenents of the Hazardous Materials
Transportation Act. Astrotech acted quickly on the verbal recommendation of
the teamto coordinate with RSPA and provided all technical information
identified by RSPA to obtain the transportation approvals called exenptions
for the transport of not only the fuel ed spacecraft but al so propellant carts,
when needed, propellant sanples, and the oxidizer filter assenbly.

Astrotech transports fuel ed spacecraft under this approval fromthe U S
DOT. Prior to transport, Astrotech obtains an oversize |oad permt fromthe
Fl orida DOT, and a Florida DOT officer inspects the transport equipnent,
procedures, and driver licensing records to assure full conpliance with al
applicable federal and state laws and regulations. This Florida DOT officer
al so acconpani es the transport convoy. Refer back to Exhibit 3-7 for
transport routes.

4.3 Characteristics of Hazardous Materials

The hazardous naterials handled at the Astrotech facility of nost
interest are chemcals used in the propul sion systen(s) of the spacecraft
(both liquids and solids) and ordnance (el ectroexpl osive devices [ EEDs]) used
toignite SRV and to separate the spacecraft from assist notor(s).

The liquids used as propellants are two types, fuels and oxidi zer
These chemnicals are stored and handl ed at anbi ent conditions w thout elevated
pressures or reduced tenperatures. They are very volatile and when they cone
into contact with one another they spontaneously ignite, liberating |arge
quantities of heat and gas. Because they undergo this reaction (referred to
as a hypergolic reaction), these chemcals are extrenely useful as rocket
propellants. The fuels used at Astrotech include anhydrous hydrazi ne (AH and
nononet hyl hydrazine (MWH); they are also referred to as hydrazine fuels. The
oxidizer is nitrogen tetroxide (N,O,). A particular spacecraft may require
only fuel (i.e., nonopropellant system or both fuel and oxidizer (i.e.,
bi propel | ant systenj.

As detail ed bel ow, these chemicals are used in other industries besides
t he space industry and have been manufactured, transported, stored, and
handl ed safely for many years. For an overvi ew of rel eases of hydrazi nes and
nitrogen tetroxide reported to the National Response Center (NRC) over an 8-
year period, see Appendix B. 1In the eight year period, there were 77 separate
rel eases of hydrazine and 66 of nitrogen oxides. O the hydrazine rel eases,
35% were attributable to public utilities and only 9% were space industry
related. O the nitrogen oxide rel eases, 74% were attributable to
manuf acturing industries and only 10.6% were space industry related. Al though
t here have been space industry related rel eases, the safety evaluation teamis
not aware of any occurring from payl oad processi ng operations.

The maj or hazards frompropellants result fromtheir flammable and
reactive characteristics. However, propellants have properties simlar to
ot her hazardous chem cals which are routinely transported throughout the U S
on the nation's highways and are nmanufactured and used in a variety of
i ndustrial operations. For exanple, liquified natural gas and propane pose
simlar flammability hazards, and are commonly used for hone heating and
electricity generation. A typical industrial pressurized spherical propane
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storage tank contains approximately 475 tons of propane with a chem cal energy

of 19 x 10° BTU. By conparison, a Titan IIl ELV, one of the |argest users of
liquid propellants in the spacecraft industry has a roughly equival ent wei ght,
414 tons, but |ower chemical energy, 1.7 x 10° BTU. In fire situations, the

greater the chem cal energy available, the greater the potential hazard. The
payl oads processed at Astrotech have a nuch |l ower quantity of propellants than
ELVs, and hence much | ess chemi cal energy. Qher industrial chemcals, such
as chlorine, amonia, and sulfuric acid pose sinilar short-term exposure

hazar ds.

4. 3.1 Hydrazines®

The hydrazi ne chenmicals nost commonly used at Astrotech are MvH and AH.
Both are clear, oily, water-white liquids with a fishy odor. They are
slightly | ess dense than water. Vapors fromthese fuels are nore dense than
air and therefore tend to hug the ground.

The | argest manufacturers of hydrazine in the U S. are AQin Chemcals
(approximately 21 mllion pounds per year), Mbay (14 mllion pounds per year)
and Fairmont Chemical (1 mllion pounds per year). Total U S. production
averages around 36 mllion pounds annually, of which 29 mllion is sold
commercially. The remainder is retained for use by the manufacturer or
produced directly under contract. Only 5% of all hydrazi ne produced in the
U.S. is used by the space industry. The greatest consumer of hydrazine is the
agricultural chem cal industry which uses 40% of the total hydrazi ne output.

Hydrazine is a key ingredient in a variety of agrochem cals, including
many common pestici des, fungicides, al gaecides, bactericides and herbi ci des.
Sone bl owi ng agents al so contain hydrazine, particularly those used in the
production of foam rubber and plastics (including certain types of vinyl
flooring and autonotive cushions). This accounts for another 28 percent of
t he hydrazine consunmed in the U S

Only 15% of the hydrazine that is produced in the U S. is used as pure
hydrazine. 1In this form it is effective as an industrial water treatnent
chem cal to renove chromates and is also used by electric utilities and other
i ndustries to scavenge oxygen fromfeed water and reactor cooling waters. The
remai ning 12%that is produced is used as a chemical internmediate in a variety
of products and processes. It is a key conponent of an experinmental drug for
sickle-cell disease and is also found in the antitubercul ant drug | sonoizoid.
It is used when plating electrolytic netals onto glass and plastics, as an
intermediate in textile dyes, as a polynerization catalyst, and as a reducing
agent in the extraction of plutoniumfromreactor wastes. Estazolam a
sedative, and hydrazide salts used in soldering fluxes are al so manufactured
from hydr azi ne.

Mononet hyl hydrazine is manufactured in the U S. by Charkit Chem ca
Corporation in Darien, CT and the Ain Corporation in Stanford, CT. The
| at est avail able records show that at |east 100,000 pounds were produced in
the U.S. in 1977. Since 1982, however, nononethyl hydrazi ne has not been sold
on the comercial market. Mnonethyl hydrazine is used as a chem ca
intermediate, as a solvent, and in the synthesis of the antibiotic
cesftriaxone.

Further information on the properties of the hydrazine fuels can be
found in the Chemical Propulsion Information Agency (CPIA) Publication 394,
Hazards of Chemical Rockets and Propellants, Volunes |, Il, and IIl, Applied
Physi cs Laboratory, Johns Hopkins University, Septenber 1984 and in Hydrazine

® Hypergolic Propellant Hazard Response Guide, Cape Canaveral Air Force Station (CCAFS), Draft Volume |, |CF Technol ogy
I ncorporated, July 1, 1988.
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and Its Derivatives Preparation, Properties, Applications, Eckart W Schm dt,
W ey-Interscience Publications, USA 1984.

The hydrazines are volatile chemcals that react readily with carbon
di oxi de and oxygen in the air and will al so deconpose on contact with sone
metals. |If hydrazine vapor is released into the air in sufficient
concentration, it may ignite or react to formammoni a and oxi des of nitrogen
(NQ). Further oxidation will form amoni a-based nutrients and the NQ w |l
ultimately return to earth as nitric acid rains.

The hydrazines are flammable |iquids that can present fire and expl osion
hazards, if sufficient quantities are handled inproperly. A vapor phase is
readily formed at ambient conditions (the vapor pressures are roughly that of
water) and the vapor can be ignited by spark, open flame, or contact with an
oxi di zer. Exposure of MVH or AHto air froma |large surface, such as
saturated rags, may result in spontaneous ignition due to the heat evol ved
fromcontact with oxygen in the air.

The hydrazines are al so corrosive, poisonous, and can present serious
heal th hazards if direct contact is nade with sufficient quantities of either
the liquid or vapor. The nobst severe exposures occur through dermal (i.e.,
skin) contact with liquid and inhal ation of vapors. Contact of the chem ca
on the skin can cause severe burns and the chemical can enter the bl oodstream
leading to simlar effects caused by inhalation. These effects may include
danmage to the central nervous system such as trenors, convul sions, or death in
the case of extrenely high concentrations of the chem cal involved. Hydrazine
is al so a suspect human carcinogen, according to the American Council of
Industrial and Governnent Hygienists. However, since hydrazi ne deconposes
qui ckly upon release into the atnmosphere, it is unlikely that vapor
concentrations will remain high enough to cause serious health effects. See
Exhi bit 4-6.

4.3.2 Nitrogen Tetroxide®

Ni trogen tetroxide is a thick, heavy, greenish liquid that is very
volatile (its vapor pressure is about 50 tinmes that of water and 5 tines that
of acetone). Its yellow sh to reddish brown vapor, which is due to the
ni trogen dioxide (NO) resulting fromthe N,GO-NG, equilibriummxture, has a
pungent odor simlar to bleach. N trogen tetroxide is nmanufactured by a
single source in the U S., Cedar Chem cal Corporation in Vicksburg, M5. Based
on data fromthe U S. Air Force Directorate of Energy Managenent, Kelly AFB,
t he annual production capacity for NNO, is estimated to be 3 m|lion pounds
per year.’” N trogen tetroxide is produced by oxidation of nitric oxide which
is an intermedi ate stage in the production of nitric acid fromammonia. N,
is used in the manufacture of other chem cals (e.g., nitric acid and amoni a
fertilizer), as a chemcal nmanufacturing internediate, a nitrating agent, an
oxi di zing agent, as a polymerization inhibitor for acrylates, and as a
catalyst. In air, nitrogen tetroxide liquid will vaporize and dissociate to
form gaseous phases of nitrogen tetroxide, nitrogen dioxide, and nitric acid
(mst).

Propel | ant grades of nitrogen tetroxide, which is mxed with nitric
oxi de, are known as MONs (m xed oxides of nitrogen) and are identified by
percent weight of nitrogen tetroxide with no nore than 0.17 percent by weight
of water. N,O, dissociates into NO, which is rapidly photochem cally

6

I bi d.

" Post Accident Procedures for Chemicals and Propellants, AFRPL-TR-82-031, Report F04611-80-C
0046, Systems Technol ogy Laboratory, Inc., Septenber 1982.
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deconposed to nitrogen oxide (NO and oxygen. The typical half life for NG
in sunlight is about 2 mnutes.® N trogen oxides react with atnospheric

nmoi sture to formnitric acid rain which can be returned to the | and during
precipitation.

Though not flammable itself, nitrogen tetroxide will support the
conbustion of nmost fuel sources. 1In addition, NGO, may ignite organic
materials such as wood or rubber on contact. Nitrogen tetroxide will react
with water in a vigorous reaction that will produce nitric and nitrous acids

and NO..

Contact with corrosive NO, liquid or vapor may lead to burns of the
skin and eyes. [Inhalation of a sufficient quantity of N,O, vapor to cause
adverse health effects may initially occur without great disconfort; however,
a few hours later nmore severe synptons of tightness in the chest, coughing,
and breathing difficulty may begin and could result in pul nronary edema and
death in severe cases.

4.3.3 Solid Rocket Mdtors

Solid rocket motors (SRMs) contain solid propellant; those handled at
Astrotech include PKMs and AKMs. The description below of a "typical" SRM
illustrates how it rel eases energy to performthe perigee and apogee ki ck,
orbital adjustment functions. A typical SRMis nmainly rubber-1ike propellant
surrounded by a thin-walled case constructed of heat-treated steel, titanium
or glass filament. The forward internal section of the nmotor consists of a
ring of propellant around a star-shaped hollow area. This star configuration
greatly increases the avail able surface area, allowing for easy ignition
triggered by the igniter ordnance. The central internal section of the notor
has a hollow, snooth circular core. On the end of the aft closure is the
nozzl e where hot gases exit the notor

The solid propellant burn travels fromforward to aft instantaneously
and then fromthe core outward to the steel casing. Since the propellant
burns at over 6,000°F, the thin-walled case nust be insulated fromthe heat.
Initially, the unburned propellant contributes to this insulation. For end-
of -burn insulation, a layer of insulative material is used between the
propel l ant and the case.

The primary hazard fromsolid propellant in the SRVs processed at
Astrotech 1s due to its flammability. Solid propellant is classified by the
DoD as a Cass 2, Division 1.3 (non mass-detonating, mass-fire hazard).® The
material itself is not explosive; however, a solid propellant produces |arge
vol umes of gas upon burning, which can lead to rupture and/or propul sion of
the motor. Additionally, the burning of an SRM generates hydrochloric acid, a
t oxi ¢ conmbustion product.

There are several ways to ignite solid propellant, including: 1) hard
i npact, caused either by a nmotor dropping onto a hard, sharp surface from
several feet or by an object falling onto exposed propellant or its stee
case, 2) direct contact of propellant grain with a flane, 3) extrene heat, 4)
an el ectro-static energy discharge or other large electrical discharge, such
as lightning, and 5) activation of explosive destruct charges or the notor
ignition system |nadvertent ignition of solid propellant is difficult when

] ica ] iqui ) , CPl A Publication
394, Cheni cal Propul sion |Inf or mati on Agency The Johns H0ka ns Un| versi ty Chapter 14 - Nitrogen
OXi des Sept enber, 1984.

® DoD Directive 6055.9, DoD Armunition and Expl osives Safety Standards, July 1984.
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standard safety practices are used. |In fact, SRV segnents are regularly
transported both by rail and highway carriers, illustrating that they are
routinely safely handled in the normal transport environment.

4.3.4 Ordnance

Ordnance is defined in ESMCR 127-1 as all el ectroexpl osive devi ces,
detonators, squibs, priner, pyrotechnic devices, initiators, igniters, solid
propel I ants, expl osives, warheads, ammunition, fuzes and energy transfer
systens (e.g., linear shaped charges and Primacord). All initiating ordnance
itens, for exanple, EEDs, are classified as Category A (hazardous)?®® or
Cat egory B (non-hazardous) for pre- and post-installation handling situations.
ESMCR 127-1 details safety requirenents for EEDs in Section 3.13.4, ranging
from desi gn, connection, and environmental criteria (shock, vibration
tenperature). The hazards from ordnance are the potential for ignition or
det onati on.

4.3.5 O her Hazardous Materials

O her hazardous materials used at the Astrotech facility for various
i ndustrial support operations (e.g., degreasing parts, paint thinners, and
sol vents) include isopropyl alcohol, 200 proof alcohol, Freon-113, gaseous
helium high pressure |iquefied nitrogen, gaseous nitrogen, and nethyl ethyl
keL?ne. The use of these products at Astrotech does not pose a danger to the
public.

One Astrotech custoner has a | eak check procedure that uses helium
containing a small amount of krypton-85, a gas that is a source of ionizing
radiation. Al use of ionizing radiation sources nust conply with any
necessary requirenments, specifically the Nuclear Regulatory Commission's Title
10 Code of Federal Regulations (CFR) and Florida Statute 10D.56 and must be
used under the supervision of a state qualified radiation protection officer

Al'l | eak checking using the heliumcontaining the krypton-85 gas takes
place within Building 1 in a sealed tent to preclude exposures within the
building. The majority of the krypton is recovered and the renminder is
vented out through an exhaust duct above the roof. The exhaust concentration
is limted to 3x10°7" mllicuries per liter of air, which rapidly diffuses in
t he at nosphere and di ssi pates before reaching the facility boundary. The
maxi mum anmount of krypton-85 that could be released to the atnosphere,
conservatively assumng a full day of |eak checking with a continuous rel ease
at the maxi mum al | owabl e concentration, corresponds to a dose of |ess than
2 mllirens of radiation.* Therefore, there are no adverse health effects
posed to the public. No other radiation sources have been or are scheduled to
be used at the Astrotech facility.

4.4 Bui | di ng 2 Features

The fueling operations at Astrotech by their nature require engineering
control s and personal protective equipnent that reduce any risk to systens and
personnel within the facility to as low a level as is reasonably achievabl e.

Al t hough this safety evaluation does not focus on the risk to personnel within
Buil ding 2, controls that protect personnel also mnimze risk to the genera

10 category A el ectro-expl osive devices are those which, by expenditure of their own energy or

because they initiate a chain of events, may cause injury or death to people or damage to property
(Eastern Space and M ssile Center, Range Safety, ESMCR 127-1, 30 July 1984, Section 3.13.2.2)

' This dose can be conpared with radiation doses fromother activities, e.g., flying from

Los Angeles to Paris - 4.8 millirems; getting a chest x-ray - 22 mllirens; getting a full-muth
dental x-ray - 910 millirems; and getting a mamogram - 1,500 nillirens.
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public and are therefore relevant. As described in this section, the controls
i ncl ude the design and construction of Building 2 as a "sel f-contained"”
facility, the spill containnent systemto preclude any release of liquid
propell ant fromreaching the environnent, and the scrubber systemto reduce
any poi nt source propellant vapor em ssions from nornmal operations. The
cont ai nnent and scrubber systemwork together to ensure that all vapors from
the system are reduced to acceptable levels as detailed in Astrotech's Florida
DER air permt. Standardized work practices and procedures (see Section 5),
simlar to those required at KSC and CCAFS, provide additional protection

agai nst unanti ci pated accidents or rel eases.

4. 4.1 Propellant Containnment and Scrubber System

It is essential while performing fueling operations to mnimze the
rel ease of propellants. Astrotech has included special design features and
operations procedures which can confine spilled propellant vapors within
Bui | di ng 2, continuously nonitor vapor concentrations, and collect al
fugitive and point source em ssions (vapors and liquids) to chemcally treat
them In the event of a spill (with no associated fire or expl osion),
Building 2 is designed to contain all propellant vapors and liquid and to
prevent any rel ease to the environnent.

Cont ai nnent Facility

Buil ding 2 was designed and built fromthe very beginning to be a
contai nnent facility in case a release of propellant |iquid or vapor should
occur inside the building during routine operations. |In the event of a large
fuel spill, defined as a spill of greater than one gallon, the personnel in
t he high bay woul d evacuate the building, the personnel in the control room
woul d turn off all power (effectively sealing the building) before evacuating,
and no one would reenter until the anbient concentration of the propellant
vapors decreased sufficiently to allow reentry. *?

The rate of decrease of fuel vapor concentration can be predicted using
the hydrazine "half-life" concept that is based on | aboratory studi es and
detailed by Schmdt in a book titled Hydrazine and Its Derivatives.

Hydrazi nes react with oxygen, carbon dioxide and water in the air aided by
agitation and recirculation. Half of the initial volune of anhydrous
hydrazi ne and nononet hyl hydrazi ne breaks down into non-toxic constituents in
roughly 1 hour and 3 hours, respectively, as presented in Exhibit 4-6. The
evaporation rates are also listed in Exhibit 4-6 as relative indicators of the
volatility of the fuels.

EXH BIT 4-6 HALF-LIFE TI ME AND EVAPORATI ON RATES

A recirculation fan inside Building 2 can circul ate any vapors wthin
the building to pronmbte agitation and evaporation and therefore, a nore rapid
decay. The self-contained recirculation fan di sperses and dilutes vapors and,
in instances of releases of fuel, will assist in the natural "half-life"
deterioration of the fuel vapors. Vapor circulation can be further assisted
by opening internal doors between the high bays and airlocks, thus allow ng
greater volume of air within the sealed facility to mx with the vapor and
break down the concentration of fuel vapor (see discussion bel ow).

Vapor Moni toring

At all times that liquid propellants are in Building 2, vapor detectors

2 Communi cation with Astrotech, 1990.



Half-lLife Tine*

Conmpound Evap. Rate Ar Wat er
(my cm? mint?) (hour s) (days)

Anhydr ous Hydrazi ne 0. 49 1.1 7

MVH 1.7 2.7 10

* Ch. 4 "Hydrazine Handling," p. 600, Hydrazine and Its Derivatives, Schnidt, 1984,
Wley and
Sons, Inc.

are in use. During propellant |oading operations, toxic vapor detectors and
vi sual inspection of equipnent are used to nonitor the area. |If arelease is
i ndi cated (either by elevated concentrations of propellant [100 parts per
billion {ppb} of anhydrous hydrazine; 200 ppb of mononethyl hydrazine; 3 parts
per million {ppn} of nitrogen dioxide] or by visual observation of a liquid
spill), the fueling teamwould turn off valves to stop propellant flow and to
m ni m ze damage to the spacecraft and other equipnent.

Astrotech has recently obtained state-of-the-art toxic vapor detectors
to supplenent and ultimately replace a | ess sophisticated vapor anal ysis
system (Draeger Tubes) traditionally used, and has incorporated their use in
revi sed operating procedures. The Increased sensitivity of the new detectors
will inmprove safety by alerting personnel nore quickly of elevated vapor
concentrations. The detectors conbine the use of special detection tape keyed
to the material being nonitored and m croprocessor control for speed, accuracy
and specificity. These detectors are portable and are encased in specia
expl osion proof clear plastic cases. A concentration alarmis indicated by a
conti nuous tone and steady alarmlight enmtting diode (LED). |nstrunent
problens (e.g., bad battery, tape break) are indicated by a flashing red
indicator and an intermttent beep, and the alarmrelay will be activated.
These detectors have factory set alarmlevels avail able of 200 or 400 ppb for
MVH, 100 or 200 ppb for N,H,, and 3 ppmor 6 ppmfor NO?!. Astrotech nonitors
at the | ower concentrations. Mre general instrunent specification
i nformati on on the new MDA portable toxic gas detector can be found in
Appendi x C.

Trenched Fueling |slands

Propel l ant transfer and | oadi ng operations take place in the center of
the high bays on a 25 feet by 25 feet "fueling island" created by a stainless
steel trench which surrounds a center portion of the floor. The trench is
covered by stainless steel grating and slopes to a commopn point where it
drains into the contai nnent system | ocated underground i mmedi ately outside the
buil ding. The trench drai nage systemwould confine a spill and facilitate
cl eanup operations. In the event of a spill of fuel that resulted in a fire,
the trench systemwould also confine the fire to the fueling island and
prevent spread of the fire to any other area of the high bay or the adjoining
I 0os.

Cont ai nnent _and Neutralization System

¥ quide To Qperation, TLD - 1 Toxic Gas Detector, MDA Scientific, Inc., 1989.
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The Astrotech waste containnent and neutralization system serves both
oxi di zer and fuel propellant |oading operations. Any propellants (liquid or
vapor phase) released or spilled in Building 2 are processed through this
system This containment systemis conprised of two underground hol di ng tanks
and a vapor scrubber (see discussion below). These tanks collect any liquid
spi |l age which could occur during propellant sanmpling and transfer operations.
Each tank (one dedicated for oxidizer and one dedicated for fuel) has a
capacity of 6,100 gall ons and contains approxi mately 500 to 1,000 gall ons of
water mxed with the appropriate neutralizing agent before the start of a
propel | ant | oadi ng operation. A comon piping systemleads fromthe fueling
island trenches to a T-val ve upstream fromthe hol ding tanks. The piping
drawi ng, exam ned by the eval uation team showed that the drainline is a 4
inch, 110 cubic feet per mnute (i.e., 50 gallons per mnute [gpn]) line. The
val ve must be manually operated to connect the trench with either the fuel or
oxi di zer tank, depending on the propellant operation. Floor drains in the
propellant cart rooms also drain into the holding tanks, either directly (in
the case of oxidizer) or via the trench drain (for the fuel).

The tanks are constructed of fiberglass reinforced polyethylene with an
inert lining. No secondary containment or nonitoring wells are required
around the tanks or lines. Hunter/ESE (an environmental engineering
consulting firm perforns annual |eak checks on the tanks. In addition, the
Cty of Titusville can sanple the tanks at any time to confirmthat no
hazardous substances are stored. Recently, the Gty has been sanpling the
tanks regularly and has never found a problemw th Astrotech's use of the
tanks. The tanks are buried in the ground by tying themto underground
concrete pads, to keep themfrom"floating" in the buoyant soil. DOT placards
i ndi cating hazards of the contents are posted above each of the tanks.

After | oading operations are conpleted, hose lines are aspirated cl ean
using suction to draw any vapors or residual liquid into the
cont ai nnent/ scrubber system Then, the hose |lines are capped and bagged for
transport and decontam nation by the custoner. Any excess fuel or oxidizer is
returned to CCAFS. The propellant |loading carts which are used to condition
propellant and then to | oad the spacecraft are cleaned on-site or the customner
may send the entire cart off-site for cleaning once he has denonstrated ful
conpliance with all applicable DOT transport requirements. The filter system
used for the transfer of nitrogen tetroxide is cleaned with freon

Any hazardous waste that nust be disposed is packaged and | abelled in
accordance wi th EPA hazardous waste regul ati ons and nani fested for transport
according to DOT regulations. |Installation of a closed-loop distillation
systemis planned. This systemw ||l further mnimze the generation of
hazardous waste by allowing the freon to be recycl ed.

The waste propellant vapor and liquid aspirated into the underground
contai nnent tanks are then neutralized into non-toxic products in preparation
for discharge to the sewer. Anhydrous hydrazi ne and nononet hyl hydrazine are
neutralized with cal ciumhypochlorite (HTH) and the neutralized liquid in the
tank is checked for approximately 1% resi dual chlorine as an indication of
destruction of all hydrazine. NO, is neutralized w th sodi um hydroxi de
(NaOH) to a pH of 10 to 12.

The neutralized liquid is punped to the scrubber agitator tanks before
di scharge to the Titusville city sewer. The city first sanples the materia
and tests for biological oxygen demand, chem cal oxygen demand, and extraction
procedure toxicity paraneters (nostly netals and pesticides). Wen the city
determ nes that the waste water presents no hazards to the treatnment facility,
the waste water is allowed to be discharged and is then processed through the
sewage treatnment system commonly known as a Publicly Omed Treat ment Works.
The average anount di scharged per spacecraft processing operation is about
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5,000 gallons. A discharge is made after every conplete spacecraft |oading
operation. The current annual processing rate of six payloads results in six
di scharges per year

Vapor Scr ubber

The scrubber functions during normal operations as an air pollution
control device by treating any fugitive or point source em ssions of
propel l ant vapor, so that the em ssions to the environment neet the Florida
DER air quality permt requirenments. Stray vapor is drawn out of the building
t hrough fl exi bl e hoselines and goes through the contai nment tanks into the
scrubber colums. The propellant reacts with the scrubber liquid and is
renoved (or "scrubbed") fromthe vapor phase. The scrubber is not designed to
handl e a catastrophic spill or accident but rather to treat point source and
fugitive em ssions generated within Building 2 during normal propell ant
transfer, sanpling and | oadi ng operations.

The scrubber consists of two 40 foot packed bed towers that operate in
series using counter-current flow with an approxi mate 10 inch drop. |In each
bay there are two 2% inch ports (facility vents) l|ocated on opposite walls
(north and south). During sanpling or fueling operations, a dedicated
flexi bl e hose (for either oxidizer or fuel) is attached to the nearest port
and directed in the close vicinity of the operation to renobve any stray
vapors. These vapors are first drawmn by a fan to the hol ding tanks and then
the tank vapor is taken through the scrubber. The centrifugal fan in the
scrubber system which was activated while the evaluation team was inspecting
it, draws a vacuumthrough the tanks and to the ports in the high bays. The
vacuum draws any fugitive or point source em ssions out of the building to be
treated. Once the vapors are scrubbed, the exhaust is discharged into the
at nosphere through a five inch dianeter stack 60 feet above grade.

The scrubber stack parameters® include

Exhaust flow rate 400 actual cubic feet per mnute (acfm
Exhaust tenperature 70.7 degrees Fahrenheit (annual average)
Scrubber efficiency 90%

Stack di aneter 0.42 feet

St andard condi tions 68 degrees Fahrenheit; 29.92 pounds per

square inch actual (psia)

The scrubber is located within the lightning protection of Building 2 as
detailed in Section 4.4.2. Because there is no back-up power supply to the
scrubber systemin case of a power outage, the scrubber would automatically be
turned off, sealing the building. 1In the event of a large spill, the building
woul d be evacuated and the power to the building including the scrubber would
be turned off fromthe control room sealing the building.

The scrubber is designed to handl e normal propellant |oading operations
i nvolving either fuel or oxidizer. Scrubber Iiquors are sodium hydroxide in a
10% solution at a pH of 10-12 with sodiumsul fide (Na,S) for oxidizer and
water for hydrazine fuels. Different |iquors are needed dependi ng on the
vapors present, because the vapor undergoes a chemical reaction with the
scrubbing liquor. The scrubbing Iiquor can be considered a sponge; just as a
sponge can absorb a large, but limted anount of noisture, the |liquor can
absorb (i.e., react with) a limted anmount of vapor. The treatnent capacity
of the scrubber liquor is nmore than adequate to handl e normal propellant
| oadi ng operations. The systemcan handle a total of 300 pounds of oxidizer

“ satellite Fueling Operation Response to FDER Conpl eteness Summary, Hunter/ESE, No. 3901-
010010- 0400- 3160, July 1989
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and 100 pounds of hydrazine fuel w thout recharging the respective scrubber
liquor.'™ This translates into approxinmately 25 gallons of oxidizer and about
12 gallons of fuel, which would be extremely I arge rel eases.

The vendor has further indicated that the scrubber exhausts
approxi mately 100 ppm or |ess of NO, vapors and has an average efficiency of
90% therefore, an approximate 1,000 ppm charge of NO; vapors can be scrubbed.
Astrotech has indicated that the systemcan effectively handl e a charge of
approxi mately 200 ppm of fuel vapor and remain functional at maxi num
efficiency. |If fuel vapor concentrations rise above 200 ppm the scrubber
coul d handl e the higher concentration over a longer period of tinme. If a
spill of sufficient magnitude occurs such that the scrubbing |iquor becane
saturated, reducing its capability to react with propellant vapors, the |iquor
woul d be recharged and the scrubbing process resuned. It is inmportant to note
that the scrubber is not designed to handle enmergency rel eases of propell ant
nor for use in decontamnating the building in the event of a spill although
over a long enough period of time this could be effected.

The approxi mate magni tude of anhydrous hydrazine spilled that coul d
reach 200 ppm depends on the air volume in the high bay or conbination high
bay(s) and airlocks available for dilution of the concentration within
Building 2. For exanple, in the south high bay (approximte vol une of
95,460 cubic feet of air), it would take about 0.18 gall ons (about 3 cups) of
anhydrous hydrazine spilled to reach 200 ppmin the bay; however, in the event
of a spill, the south airlock could al so be opened, nmaking an additiona
42,920 cubic feet of air available. Then, approximately 0.25 gallons (about a
quart) of anhydrous hydrazine would be required to be released to reach a
concentration of 200 ppm However, it nust be noted that given the total
capacity of the scrubber system while it would take about 4 hours to process
the 95,460 cubic feet of air containing the fuel vapor (or about 5.75 hours
for the larger volune) at maxi num efficiency, the system coul d obviously
handle a | arger release over a nuch longer tine period before reaching
saturation.

As a benchmark, the lower flammable limt (the vapor concentration which
will ignite and burn in the presence of an external ignition source) of
anhydrous hydrazine in air is 4.7 percent on a wei ght percent basis or 4,700
ppm this limt for MMHis 2.5 percent or 2,500 ppm At these levels in the
hi gh bay, fire would be the nost serious hazard. The scrubber is not designed
to handl e rel eases of this magnitude.

4.4.2 Static Electricity Protection

Because flamabl e |iquids and vapors can be present in Building 2 and
because SRV and EEDs are extrenely sensitive to el ectrical discharge,
significant design features and detail ed operations procedures are in place to
m nimze the opportunity for spontaneous el ectrostatic discharge (i.e.,
sparks) .

Electrostatic Dissipating Floor Tile

The floor covering in the high bays and North Airlock is made of a
static dissipating, graphite inpregnated, vinyl tile. The tile is bonded to a
substrate with an electrically conductive mastic and connected to the

5 Correspondence with Tri-Mer Corporation, Air Pollution Control Systens, manufacturer and

supplier of the Astrotech scrubber system August 1, 1990.

®  This section discusses only vapor concentrations within Building 2. See Section 7 for a

di scussi on of vapor concentration outside the facility.
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grounding grid system The fuel and oxidizer cart roons and the South Airlock
do not have conductive tile but do have fixed grounding points in each room
The conductive tile and grounding points prevent electrical sparks in

Bui | di ng 2.

Lightning Protection System and Operations Policy

The entire central Florida area is known for its high incidence of
t hunderstormand lightning activity. The Astrotech facility is constructed
wi th design features that ensure mninmal negative effects in the event the
facility is hit by lightning. (To date no building within the Astrotech
facility has been struck by Iightning.)

A lightning protection system surrounds Building 2 and consists of eight
lightning nmasts approxi mately 100 feet high, each connected to the primary
groundi ng grid, designed to prevent induced electrical current danage to al
support equi prent .

Prior to all hazardous operations, a Stornscope (a state-of-the-art,
comercially available lightning detection systen) Is activated on site which
receives radio frequency (RF) signals fromelectrical discharges in the
at nosphere out to a distance of 200 mles fromBuilding 2. If an electrica
stormis indicated within five mles of the facility, Astrotech's policy is
that no hazardous operations are initiated. Any ongoi ng hazardous operations
may be stopped i mmediately or continued only until a stable stopping point is
reached, dependi ng upon the determination by the Astrotech Safety O ficer and
custoner safety official. Because the Stornscope identifies stornms out to 200
mles, the Safety Oficer knows in advance of a storm s existence and can
del ay operations at his discretion if, for instance, a stormtwenty nmles away
appears to be heading toward the facility. During ongoing operations, safety
personnel are alerted by an audible alarmfeature on the Stornscope to the
presence of any lightning within 25 mles of the facility.

Expl osi on Proof Electrical Systens

Al electrical supply and illum nation systens operating in Building 2
are either explosion proof by design or are nade expl osion proof by purging
the fixtures with an expl osion preventing gas. The design requirenents for
these systens are in accordance with pertinent sections of the Nationa
El ectric Code and NFPA Codes.!” The codes require that conduit and outlets be
seal ed to preclude vapor entry, that all sw tching and contacting operations
be in sealed enclosures and that exposed surface tenperatures be limted to
| evel s that will not produce vapor-air ignition. Al electrical equipnent,
including lighting that cannot practicably be sealed, is purged, elimnating
the possibility of vapor entry and subsequent exposure to potential electrica
i gnition sources.

Physi cal Separation of Equi pnent

Non- expl osi on proof electrical equipnent nmust be kept at |east ten feet
away fromany SRM assenbly. Prior to starting any operations involving SRMVs,
the area is "safety checked" by both Astrotech and its customer. This
requirenent is also true for operations involving ordnance and liquid
propel | ant s.

Requi red G oundi ng Equi pnent

G oundi ng equi pnent, including such itens as |legstats, wiststats,

' National Electric Code, 1987, which is Section 70 of the National Fire Codes.
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conductive shoes, and shoe coverings, is required for personnel handling
ordnance, working within five feet of exposed SRM propellant grain, handling
propellants or working in a high bay containing a fuel ed cart or spacecraft.
Al'l groundi ng equi pnent is tested before each operation to ensure electrica
resistance levels (i.e., between 0.01 and 1 nmegohm that avoid the occurrence
of sparks.

4.4.3 Personnel Protective Measures

Because t he hazards associated with the handling of SRvs, PAMs, EEDs,
ordnance, and propellants generally pose a danger only to personnel working in
their imrediate vicinity, non-essential personnel are not permtted near
operations involving these itenms. Special design features and safety
procedures protect personnel that are working in the inmrediate vicinity of
these materi al s.

Area Clear Restrictions

Safety precautions and restrictions are established and enforced at
Astrotech to limt the physical presence and access of non-essential personne
during hazardous operations. These physical access restrictions have been
defined by Astrotech based upon operating expertise and requirements of
several of their payload custoners and extend to either a 10-foot radius from
the activity to the entire room (high bay) in which the activity is taking
pl ace, to the entire hazardous section of the facility. In general, the
relative risk associated with each operation is correlated with the size of
its control area. The operations that take place within Building 2 and their
control areas' are listed in Exhibit 4-7.

18

Safety Standard Operating Procedure, 1988, Astrotech Space Operations, L.P.
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EXH BIT 4-7 AREA CLEAR REQUI REMENTS

OPERATI ONS CONTROL AREA
Cl anpband installation 10-f oot radius around operation
Solid rocket motor ordnance 10-foot radius around SRM
installation/renpva
Spacecraft ordnance installation 10-foot radius around spacecraft
(or
greater at di scretion of
Spacecr aft
Manager)
Solid rocket motor handling and transfer Active high bay in which work is

bei ng conducted. Work may conti nue
in adjoining high bay(s)

Solid rocket motor grain inspection Active high bay. Work may continue in
adj oi ni ng hi gh bay(s)

Solid rocket motor |eak test Active high bay. Wrk may continue in
adj oi ni ng hi gh bay(s)

Activation of Shuttle or PAM Active high bay and adjoi ni ng hi gh bays

cradl e spin systemw th PAM

Hoi sting of solid rocket notor Active high bay and adj oi ning hi gh

bays

Spi n bal ance solid rocket notor Active high bay and adj oi ni ng hi gh

bays

Spacecraft pressurization Active high bay and adj oi ni ng bays

Li qui d propellant transfer Entire Building 2 with road bl ock nanned

into spacecraft by Astrotech

Spi n bal ance with | oaded Entire Building 2 with road bl ock

manned

propellants in spacecraft by Astrotech

The transfer and | oading of propellants and operations perforned on
fuel ed spacecraft require that Building 2 be cleared of all non-essentia
personnel. Access to the area surrounding the building is restricted; only
personnel directly involved in safety nonitoring or performance of the
operation are permtted within the hazardous work area of the facility.

During "building clear"” operations, access to Building 2 can be
restricted by closing a gate arm near the badge house | ocated a safe distance
fromthe building. A safety nonitor is positioned at the gate to limt access
to the Building 2 area. Signs on the gate indicate "Keep Cear" and
"Hazardous Area." The gate armalso has a yellow flashing |ight activated
frominside the badge house. This badge house is nmanned by Astrotech
per sonnel when hazardous fueling operations are taking place; it is equipped
with tel ephone and power, and serves as the fallback assenbly area in case of
emer gency evacuation of Building 2. A hazard status board | ocated near the
badge house indicates the nature and |l ocation of any hazardous materi al
present in Buildings 2 or 3.

Procedures for installation of EEDs are another exanple of procedures to
limt personnel exposure. EEDs may not be installed until a control area has
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been established and cl eared of nonessential personnel. These devices nust
not be electrically connected to the spacecraft systenms until a power on and
of f check is made to ensure there is no stray voltage. The control area is
required to be defined in the operating test procedures provided by the
customer to Astrotech. Al personnel in the defined control area are required
to wear protective clothing and groundi ng equi prent.

Personal Protective Equi pnent

Al'l personnel working in Building 2 when rel ease of |iquid propellant
(fuel or oxidizer) or vapor is a possibility are provided wi th persona
protective equi prent (PPE). PPE is designed to protect an individual from
toxi ¢ vapors and/ or heat generated by fires and provides an appropriate air
supply and air filtering systemalong with protective coverings (e.qg.,
chem cal resistant suit, boots, gloves). Equipnent used at Astrotech neets
NASA flammability and conpatibility requirements for the hazards present.
Level A, B or C equipnent (as defined by the EPA) is avail able and nmeets M ne
Safety and Health Adm nistration/National Institute of Qccupational Safety and
Heal th (MSHA/ Nl OSH) standards and approval. The level of PPE required is
dependent upon the nature of the operation and the potential hazards. For
exanpl e, during operations where propellant vapors may be present (e.g., the
| eak check, propellant sanpling and start of propellant |oading operations)
the highest |level of protection, a Level A PPEY®, is worn. However, once the
cl osed | oop fueling operation has been verified to be |eak tight, personne
can change into a Level C (splash suit)? for the remainder of the fueling
operation. |If a problemis indicated, the crew can change into Level A and
re-enter to nonitor the situation and take appropriate actions.

Breathing Air System

In Building 2, air is purified through a conpressed air purification
systemthat renoves particul ates, water vapor, and carbon nonoxide (CO. A
downstream renmpte al arm system conti nuously nonitors for CO In addition, a
reserve air systemhas the capacity to allow four users at |least five mnutes
to exit and decontam nate. Further, a five mnute emergency air supply is
i ncorporated into the air line respirator apparatus, allow ng the user to
di sconnect fromthe air line unbilical to exit and decontam nate with a
sel f-cont ai ned breathing apparatus (SCBA). The energency breathing air system
can be independently connected to a 50 kVA diesel power generator as a standby
power source in case of a general power failure

During energency escape from Building 2, individuals could al so take
advant age of an Enmergency Life Support Apparatus (ELSA). These portabl e,
sel f-contained breathing units provide air for five mnutes in oxygen
deficient or contami nated at mospheres and are easily accessible to workers in
both the North and South hi gh bays.

Renot e Vi sual (Observation

Renote visual nonitoring enables individuals, like the Astrotech Safety
O ficer and custoner safety personnel, who nust directly observe hazardous
activities to do so without being in the i medi ate presence of the hazard. In
Bui | di ng 2, expl osi on-proof observation wi ndows installed between the contro

9 Level A PPE includes a supplied air respirator with an auxiliary self-contained 5 ninute

emergency air supply; a SCBA with full facepiece; fully-encapsulated chem cal resistant suit;
chem cal resistant inner and outer gloves; chenical resistant boots; and two-way O S comuni cations
and unbilical .

20 Level CPPEincludes chenical resistant disposable overalls; chenical resistant outer gl oves;
and 5 m nute Enmergency Life Support Apparatus (ELSA).
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roons and the high bays allow Astrotech and custonmer payl oad safety officers
and quality control personnel to observe hazardous operations directly. Thus,
safety officers can validate conpliance with procedures, but mnimze risk to
t hensel ves and elimnate any potential interference with operations that their
presence in the high bay m ght cause.

In addition, there are five closed circuit television (CCTV) caneras for
renote nonitoring of operations in Building 2. However, these caneras
currently have no scanning or zoom capabilities. Al three Building 2 high
bays can be nonitored by video canera. Videotapes of fueling operations are
routinely made by Astrotech and offered to custoners; video nmonitors can be
set up during fueling operations. Thus, any individual that needs to see
observati ons perforned, but who does not need to provide direct feedback
during those operations, can either watch a nonitor located in Building 1
during the ongoing operation, or can watch a vi deotape |ater.

4. 4.4 Monitoring Systens and Conmuni cati ons

In order to ensure that equipnent is functioning properly, as well as to
provi de pronpt response to any potential energency, Building 2 is equipped
with detection and nonitoring systens that alert the control roonms and the
guard house, as appropriate, of significant changes in the facility status.
Comuni cations during operations exist between the working area, the contro
room and the guard house.

Building 2 is al so equi pped with an expl osi on- proof pagi ng systemthat
can be used fromeither of the two control roons. The pagi ng | oudspeakers are
located in all high bays and airlocks. The energency exits in Building 2,
whi ch shut automatically after opening, are also equi pped with emnergency
comuni cation equi pnent that sounds a | ocal al arm when activated.

Alarns are automatically sent to the guard house via conputer link for
various paraneters identified below (additional capacity in the conputer link
is available to accommbdate additional nonitoring systemalarns in the
future). The guard house al arm panel was recently installed by Honeywel .

Par anet ers Mbni t or ed

Tenperature and hum dity (HVAC systens)

Loss of pressure to fire protection system (i.e.
conpressor failure)

Toxi ¢ gas detectors and detector status (i.e., tape
break or battery problen

Generator failure

Fire alarm
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Also, afire alarmis sent to the Titusville fire departnent via automatic
di al up. #

Non- hazar dous situations can cause alarns. For exanple, item?2 on the
above list would alarmif the conpressor failed. At that tine, there would be
no i medi ate danger to the facility. However, the pre-action fire suppression
system (see description below), if needed, would require nonitoring for |oss
of pressure. Simlarly, equipnment problens with the gas detectors woul d not
in thensel ves be a hazard; however, their mal function would limt the ability
of safety personnel to detect a hazardous atnosphere. |f such an alarm
occurred during hazardous operations, operations would be brought to a stable
stoppi ng poi nt, personnel evacuated and the source of the alarminvestigated.

Tenperature and Hum dity

Both tenperature and humdity are nonitored in the high bays to ensure
safe levels and effective functioning of the H/AC system The typical contro
settings are 70°F and 50 percent humidity with alarns at 60 percent relative
hum dity and 75°F. The target levels and alarmsettings for tenperature and
hum dity are designed to protect sensitive spacecraft equi pment from danage
and can be specified by individual custoners, as required. However, Astrotech
wi Il not allow hazardous operations to take place if the relative humdity is
bel ow 30% due to el ectrostatic hazards at humidity |ower than this |evel

Vapor Monitoring System See Section 4.4.1

Fire Alarm and Sprinkler System

The pre-action fire protection systent? is a conputer-controlled system
designed to quickly extinguish any fire within Building 2 while protecting
spacecraft and ot her val uabl e equi pnent frominadvertent system activation or
mal functi on. The hi gh bays and airl ocks have a dry-pi pe sol enoid actuated
system # The piping between a valve and the sprinkler heads is pressurized
and the pressure level nonitored to ensure no | oss of pressure. In order to
get water to the sprinkler head two things nmust occur: a snoke/heat detector
(see description bel ow) mnust indicate a problemor a manual pull station nust
be activated and the fusible Iink on a sprinkler head must nelt due to an
i ntense heat source (the link nelts at approximately 155°F).

For areas of the Astrotech facility where i medi ate danger of damage to
equi prent frominadvertent wetting is not as great (i.e., non-high bay, non-
airlock roonms in Buildings 1 and 2 and all other buildings), there is a wet-
pi pe systemwi th automatic sprinklers connected directly to a water supply,
that discharges water imediately upon nelting of the fusible link at the
sprinkl er head.

Al water is supplied fromthe Titusville municipal systemand is
assisted by a diesel boost punp, located in the punphouse at the front of the
property, that upon system activation automatically provides 1,500 gpm of
wat er at 150 psi pressure. The North and South high bays in Building 2 each
have 28 sprinkler heads with 5/16" orifices and fusible plug activation
tenperature of 155°F; the smaller center spin bay has 15 sprinklers; the
airl ocks each have 12 sprinklers. Rough estimates of flow from each sprinkler

** gsafety Standard Operating Procedure, Astrotech Space Operations, L.P., 1988

22

For additional information on fire protection systenms see NFPA Fire Protection Handbook,
14th edition.

% The high bays and airlocks in Building 1 have a simlar pre-action fire suppression system
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range from40 to 50 gpm If all 28 heads in a Building 2 high bay were open
the total flow would be approximately 1,260 gpm

Al areas in Building 2 have ceiling-nounted infrared (I R) snoke/ heat
detectors that detect rate of heat/rate of rise. There are six detectors in
each high bay and two detectors in each of the return lines of the HVAC
system There are al so therno-coupl es nmounted on the tanks of the propellant
| oading cart and in the spacecraft to nonitor tenperature during fueling.

There are portable fire extingui shers of both halon and dry chem ca
types | ocated throughout the facility.

Cenerator Failure See Section 4.4.6

Comuni cations During Operations

There is a manual ly activated intercom (i.e., push-to-talk) for
conmuni cati on between the control roomand the fueling team during propellant
| oadi ng operations. Also, hand-held conmuni cation boards that can be witten
on are available. As nentioned above, Building 2 is equipped with an
expl osi on- proof area paging systemthat can be used fromeither of the two
hi gh bay control roons.

The guard house is the focal point for the comruni cati ons and al arm
detection system as descri bed above. There is a cellular tel ephone and ei ght
UHF radi os avail able at Astrotech for use by staff. 1In the event of an
incident, the guard has a list of personnel (wth phone and pager nunbers) to
be notified. See Section 6.0 for additional detail on energency
conmuni cat i ons.

4.4.5 Hurricane Potential and Restrictions

The potential for hurricanes during the wet season is well known; the
facility continuously nonitors the |ikelihood of hurricanes approaching, and
i mpl ements hurricane preparation procedures whenever necessary. In addition
to i nplenmentation of specific procedures, buildings on the Astrotech site are
desi gned and constructed to withstand sustai ned wi nds of 125 m|es per hour
Since 1887 only 24 hurricanes have passed within 100 nautical mles of KSC and
CCAFS. None have entered the Cape Canaveral area. However, hurricane
precautions are taken seriously, not only to protect valuable flight hardware
el enents and operations facilities but also to ensure worker and public
safety.

Weat her tracking, specifically hurricane prediction, for the innediate
vicinity is nmeticulously performed by the U S. Air Force neteorol ogists at
CCAFS with support fromthe National Wather Service. In its MOU wi th NASA
Astrotech can contact NASA by tel ephone at anytinme for weather information.
In addition, contractor teans stationed at the facility are automatically
alerted by the Air Force of potential hurricanes.

Astrotech's hurricane precautions are patterned after those used at
CCAFS and KSC.2* They include successive steps of preparations for the strong
wi nds and heavy rains. For exanple, building evacuation and sandbaggi ng of
entrances begins 24 hours before wi nds of 50 knots (57 mles per hour) are
expected to reach the area. 1In addition, all "unhardened" tenporary or
portabl e structures are generally secured by anchors or renoved and stowed, as
are any | oose construction nmaterials.

2 Hurricane Preparedness lnplenentation Plan, NASA/KSC, KHB-1040.2
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4.4.6 Backup Power

Fl orida Power and Light is the prine provider of power to Astrotech. In
case of an unantici pated power failure, each building has a sensing device and
power automatically switches over to a 25 kVA propane-powered generator. The
backup power to Building 2 is fueled by an external propane tank nounted
out side the generator room The automatic power supply initially goes only to
energency lighting in the high bays. This light |evel was tested during the
on-site visit and found to be sufficient for any kind of emergency operation
The cranes and the airlock roll-up doors can also be powered fromthe backup
generator, so that if a spacecraft was being lifted during a power failure,
the lift could be conpleted. Mnual relays nust be thrown in the generator
roomto direct power to the cranes or to the doors.

There is also a 55-kw diesel generator that can be plugged in and used
during count-down and for power up during ground stations and spacecraft
checkout. (A 50 hertz source is available for European satellites). There
are al so several uninterruptable power supplies available to prevent software
crashes during systemtesting and checkout.

Buil ding 2 has battery backup for the fire protecti on systemand the
portabl e toxic vapor detectors; however, there is no backup power provided for
t he scrubber system This could negatively inpact ongoing fuel operations in
the event of a power failure, especially during sanpling operations, allow ng
vapors to build up in the bay. It could al so i npact energency response
activities since access to the building could be restricted because of
dangerous concentration levels with no systemto renove the vapors. However,
since the scrubber was not nmeant to serve as an energency systemand i s not
designed to handle large spills, the fact that it receives no power in the
event of a failure caused by a catastrophic accident is a protective nmeasure
to ensure that no untreated vapors are exhausted directly to the atnosphere
froma scrubber systemnot designed or intended to treat them






